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GRCWm Jm FOBMmCM CP THE FCREUBG SKE££TCN IN INBRED MICE PUD RAIS UNDER 
CCNDmCNS CP HJ2PO-, NORMAL AtD t&PERDYNAMIA 

By B. I. Kogan, YU. S. Anti|X3V, Scientific Research Institute of RhY^iology 
of Childrai and Adolescents, USSR Acadaiy of Pedai^ical Sciences, Vinnitsa 
Medical institute 


Inbred 1 month old males of C57B 1/6. CBA. CC57Br/Mif 
interlinear ^ce of the first ^leration and 

rats of the August and Wistar lines were subjected to 
conditions of hypo, normo-and hyperdynamia for 2 months. 
The statistically reliable dependence is shown between 
mechanical underloadings and overloadings and macnro 
microscopic changes in the hind lijtb skeleton of animals. 
Genetic determination of growth and formatic»i of the fore- 
liirb skeletal is estaolished. Hereditary susceptibility 
and the phenomenon of heterosis are pr^erved under all 
motor coitions. 


The growth in the skeleton of the foreleg of rodents under conditions /67* 
of limited mobility has been studied by L. I. Avi^^unichev (1965- and Riesenfeld 
(1966) . However their eaqjeriments are inoonplete since they are linked to 
the anputatiop. of one of the extremities, or extirpation of muscles and dener- 
vation of the latter vdiich results in disruption in the functions of the 
organism as a whole as a result of surgical intervention. E^ecial attention 
should be given to the works in vMch studies are made of the consequences 
of iimdt>ilization of the extremity by application of plaster, or limitation 
in the mobility of the animal by placing it in a small-sized cage (Seireg 


*Nonbers in margin indicate pagination in original foreign text. 


et al,^ 1969; Itoteef et al,, 1971^ 1971 1972; Jankovicdi^ 1972). Iheir 

eeasenoe is reduced to tbe lact that the t^^pofunction liintta the growth of 
bon^, alters their stinicture and results in atrophy of the bone tissue. 
E>^erijnent 2 d. data on the effect of the l:q;perfunction on the growth of the 
bones of the foreleg are fairly oontradictory (Chemyy, 1950; Bunak, Kl^>anova, 
1960; Donaldson et al,, 1935; Mateef et al,, 1971, 1971 a, 1972} . The 
optimal and viltraoptixnal loads, in our opinion, play a morphogenetic role. 

Ihe studies made cm the inbred, or so'^lled line rodents who have undergone 
Toan^ brothei>slster int^hreedings and have reached a hi^ level of homo- 
geneity, with a certain genotype inherent to each line prove the genetic 
progranming of the growth and structure of the skeleton (Crun^serg, 1957, 

1958; Deol et al., 1957, 1958; Stein, 1957). Therefore it is logical to 
assune that the same load has a different effect on the growth and formaticm 
of the skeleton with regard to the individual-genetic peculiarities of the 
organism. 

Experiments were conducted cm mice in the line C57B1/6, CEA, CC57Br/^, 
h^rids of the first gaieration F]^ and rats in the lines August and Wistar 
(only one-year-old males) . Thirty mice and 45 rats of each line were taken 
vdiidh were divided into three groi:^ of 10 mice and 15 rats in each. For 
the first group of animals oonditions of t^j'podj^namia were created by placing 
than in box cages of ssnall size. The second g3x>\:p of animals were main- 
tained under normal oonditions of a vivarim (conditions of normal c^mamics) . 
For the third groi^) of animals conditions of hyper^mamia were created by 
training them to run on a track designed by us. The training of t)iis groi^) 
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of animeOs stauctai vdth. a run^ dally increasing Its duration by 

1 minute. At the aid of the ejqieriment «e had reached 60 minutes. For 
animale of all groups and lin^ a standard food ration vas observed. Ihe 
ej^erimsnt lasted two miaiths and enoonpassed a period of intensive gxowtii 
of the animals. The animals were killed by injection with, a needle into the 
medulla oblon^tar after which the bones of the fore left extremities were 
macerated by chemical means in 1.5% solution of potassi\iQ alkali at tender- 
ature 45” . The msowated bones were studied according to Duerst (1926) . 

The program of osteometry included study of the scapulae and humeral 
bones with determination of their weight, greatest length and vddth (in the 
humerus in the widest place of diaphysis, poxsdmal and distal ^iphysis) . /68 

All the numericed materials were processed by the method of variaticxi statis- 
tics with the use of the tables of N. N. Samoylov (1970) on the conputer 
"Mir.” 


Ostecmetry of the scapulae and humerad. bones of the eiqperimental animals 
revealed a direct dependence of weight, longitudinal and transverse dimen- 
sicm on the conditions of maintenance of the animals. Analysis of the statis- 
tically reliable data indicated that with a transition of hypodynamia to 
normal and l:^perdynamia the weic^t of the studied bones (table 1) increased 
in the animals of edl lines. One should note that under ocmditions of 
limited mobility the web^t of the bcries was altered considerably greater 
than under conditions of increased muscle activity. Hds is governed, 
evidently, by osteoporosis that developed in the bones of the animals under 
conditions of hypodynamia (Bykov, Novikova, Ivanova, 1970; Delling et al.. 
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1970; et al., 1970; 1971; Madv 1971). !Ihe gzotfth. of the 

ac apulae and hunoeral bcnea in length, ms delayed in the t^^poc^^nanic and stimu- 
lated in the t^^perdjfnaroic animals of all lines (figure 1} . It \«as estab- / 
lifl h ed that anedogous statistically reliable changee are o bse r v ed in 
the transverse growth of the studied bones of the animals in limits of hypo, 
normal and hyperdynamic gnx^ (table 2} . 

TAB[£ 1. HEICafr OF BONES CF FCraOQ (mg) IN ANIMAI£ OF DIFFERENT LINES 
DEFQDINS ON DYNAMIC PA3TEBN* 


Animal 


Normal 


Mica 

C57B1/6 


OC57B/MV 


16,7+0,3 i 25,1 ±04 


nmiliiliUi 

Figure 1. Sca^julae and Huneral Bones of Irfsred Rats Under Ifypo-, Normal 
and Hyp«:(^mamia (Fran Right to Left) : 

l^jper line — animals In August line; lower line — WLstar liivss 













2. M B^SUR EMEWIS OF BONES IN FOREUi; SKE[£ION IN ANIMAI£ OF 
different lines DEPE101N3 ON DYNAMIC RATSXNN* 


Animal 





Nidth.of 

Scipilae 

Nidth. of 
Diaptysis 
of IbxneraJ 
Bone 




Nidthof 
Diaptysis 
of Hlxneral 
Bone 


Mice 

C57B1/6 

CB^ 

OC57Br/ttv 

Fl 

Rats 

August 

Wlstar 


6,05i:0.08 
7,15±0.04 
r,46±0.0l 1 
7,92±0,C2 

, 

1 O2±0.0l j 
1.12±0,02 
1.3? ±0.02 
l,46±0.03 

6.86*0.01 

7,31*0,02 

7,01*0.01 

8.02*0.0.1 

1,14*0,01 

1.21*0,02 

1,41*0,02 

1,54*0,01 

7,22*0,02 

7,49±0.02 

7,78*0,03 

8,15*0,04 

1,30*0,02 

1,41*0,02 

1,64*0,02 

l,78d:0,02 

U.09-.0.05 
12,01 ±0.02 

2,9r±0.0l 
2,27*0.01 I 

11.95*0,03 

I2,37±0,0I 

2,21*0,02 

2,38*0,01 

12,32*0,01 

12,62*0,01 

245*0.01 
241*0,01 , 


*Intralinear and interlinear difference in all cases is reliable 


At the same tine one should stress that all the longitudinal and trans- 
verse dinensions of the flat and txisuleu: bones of the fore extremities of 
the grcMing animals of different lin^ under conditions of hypo-> noxnal 
and i^'perdynamia reach their genetically predetermined limit, whidi is 
indicated ly the reliable interlinear differences of these signs (figvare 2, 

3) . Talcing into consideration the homogeneity in the groups of hypo-, normal 
and l^perdynamic animals that we studied we are justified in explaining the /TO 
presence of interlinear variabilily of these indices due to the genotype 
predisposition of the linear animals to the mechanical loads and xnderloads. 
According to all the osteonetric indices the hybrixis of the first generation 
Fi exceed their parental forms of the linear mice CBA and C57B1/6, vdiich 
indicates the manifestation of the phencmenon of heterosis in all the 
studied motor patterns. 
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Flgvire 2. Length of Scegaul a e in Inbred Anijnals of Different Lines 


1. 

Mice C57B1/6 

4. Mice Fi 

a. 

Hypo^namia 

2. 

Mice CBA 

5. Rat August 

b. 

Nc»inal dynamia 

3. 

Mioe OC57Br/Mv 

6. Rat Wistar 

c. 

Hyperdynamia 





”1 


Figure 3. Length of Humeral Bone in Inbred Animals of Different Lines 


Key: 

1. 

Mice C57B1/6 

4. 

Mioe (DC57Br/Mv 

a. 

%po(^namia 

2. 

Mioe CBA 

5. 

Rat August 

b. 

Ncu3ial dynamia 

3. 

Mioe Fi 

6. 

Rat Wistar 

c. 

l^perc^niamia 
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